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Recent angle resolved photoemission (ARPES) data, which found evidence for a d-wave-like modu-
lation of the antiferromagnetic gap, suggest an intimate interrelation between the antiferromagnetic
insulator and the superconductor with its d-wave gap. This poses a new challenge to microscopic
descriptions, which should account for this correlation between, at first sight, very different states
of matter. Here, we propose a microscopic mechanism which provides a definite correlation between
these two different gap structures: it is shown that a projected SO(5) theory, which aims at unifying
antiferromagnetism and d-wave superconductivity via a common symmetry principle while explic-
itly taking the Mott-Hubbard gap into account, correctly describes the observed gap characteristics.
Specifically, it accounts for both the dispersion and the order of magnitude difference between the
antiferromagnetic gap modulation and the superconducting gap.
Especially due to recent advances in experimental tech-
niques, such as angular-resolved photoemission spec-
troscopy (ARPES) [1–6] and spectroscopy probing mag-
netic correlations [7,8], a crucial basic ingredient seems
to emerge for the phenomenology of the high-Tc com-
pounds: in contrast to many of the earlier theoretical
studies, which started from the highly doped system far
away from the antiferromagnetic (AF) insulator, the ap-
propriate starting point seems to be the insulating state,
corresponding to half-filling in theoretical models or to
the undoped situation in experiment. A prominent recent
example, which advocates this point of view strongly, is
a photoemission observation by the Stanford group [1].
It found evidence suggesting a direct correlation between
the d−wave symmetry of the superconducting (SC) gap
and an observed d−wave-like modulation of the AF gap.
Further experiments employing magnetic spectroscopy,
support this view of an intimate interrelation of the AF
insulator and the SC state as well [7]. These experimen-
tal developments have given the high-Tc research a new
focus and challenge: any microscopic theory has to ac-
count for this interrelation between, at first glance, rad-
ically different states.
The ”gap” structure in the AF phase as found by ARPES
experiments in insulating Ca2CuO2Cl2 [1] is summarized
in Fig. 1. These ARPES data display a d−wave-like, i.e.
| cos kx − cos ky|-like dispersion in the one-electron spec-
tral function A
(
~k, ω
)
with respect to the lowest energy
state at
(
π
2 ,
π
2
)
. The straight line in Fig. 1 shows the
d−wave dispersion function along the edge of the mag-
netic Brillouin Zone (dashed square in the inset of Fig.
1) with a d−wave ”energy gap”. The inset of Fig. 1
presents the ARPES data and the ”gap” features in a
two-dimensional plot: on a line drawn from the center
of the Brillouin zone to the experimental points, the dis-
tance between these points to the intersection of this line
with the AF Brillouin zone gives the value of the ”gap”
at the ~k−point considered. The data closely follow the
| cos kx − cos ky |-dispersion, depicted in the d−wave full
line. This “d-wave” like gap is a modulation of the uni-
form (s-wave) Mott-Hubbard gap of the order of U ∼ eV
of the insulating state. Therefore, throughout this pa-
per, we shall use the notation s+ |d| to characterize the
full gap found in the AF insulator. The crucial point
is that these photoemission data suggest that the |d|
component of the AF gap in the insulator is also the
underlying reason for the celebrated pseudo-gap in the
underdoped regime: this ”high-energy” pseudo-gap of
the order J ∼ 0.1eV continuously evolves out of the in-
sulating feature, as documented not only by the same
energy scale but again by the same d−wave dispersion
[3]. Since, on the other hand, this high-energy feature is
closely correlated to the superconducting gap as a func-
tion of both doping and momentum [3,4,9], we finally
arrive at a crucial constraint on the microscopic theory:
such a theory should be able to explain the interrelation
between the superconducting gap and the AF gap mod-
ulation. Theoretical concepts for the pseudo-gap range
from descriptions based on preformed pairs [10], schemes
employing resonating valence bond (RVB) singlet forma-
tion [11,12] and spin-charge separations [13] to damped
spin-density waves [14]. However, the microscopic ori-
gin of the pseudo-gap and, in particular, its interrelation
with the insulating gap features are still unestablished.
In this report, we shall argue that there exists a the-
ory, which provides rather naturally such an interrela-
tion. This is the SO(5) theory of high-temperature su-
perconductivity which aims at unifying AF and SC via
a symmetry principle [15–22]. The symmetry enables
the construction of a five–dimensional ”superspin” com-
posed out of the three–component AF order parameter
and the two–component SC order parameter. An SO(5)
”rotation” maps the AF microscopic state and its or-
der parameter onto the superconducting counterpart and
vice versa and, thereby, provides a definite prediction of
the gap characteristics of both states of matter: we shall
demonstrate that a d−wave SC gap and the |d| compo-
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nent of the AF gap arise from the same physical origin
and can be obtained from each other by an appropri-
ate SO(5) rotation. The obtained AF gap modulation
has a characteristic sharp cusp around its minimum at
(kx, ky) =
(
±π2 ,±
π
2
)
, consistent with the available ex-
perimental data [23]. Furthermore, the size of the AF
gap modulation and the SC gap are also in good agree-
ment with the experimental values.
Besides finding a modulation of the gap in the AF insula-
tor, the recent ARPES experiment [1] also found a rem-
nant Fermi surface of the AF insulator. This shows that
it is appropriate to think of the AF insulator in terms of a
condensate ofmagnons on top of a Fermi-liquid like state,
just like a superconductor can be viewed as a condensate
of Cooper pairs on top of a Fermi-liquid state [24]. To be
more specific, the variational wave function of an AF in-
sulator with Ne´el vector pointing in α–direction is given
by
|ΨAF >∼
∏
k
(u˜k + v˜kc
†
k+Qσαck)|Ω〉, (1)
where c†k is a two component spinor creation opeator for
an electron state with wave vector k, Q = (π, π) is the
AF ordering vector, σα are the three Pauli spin matri-
ces, u˜k and v˜k are the variational parameters and |Ω〉 is a
Fermi-liquid like state at half-filling. A magnon is defined
by the operator Nα(k) = c
†
k+Qσαck, and is formed by a
triplet bound state of a particle and a hole pair with re-
spect to a half-filled state. On the other hand, a SC state
is described by the following variational wave function
|ΨSC >∼
∏
k
(uk + vkckσyc−k)|Ω〉, (2)
where uk and vk are the variational parameters for the
SC state. Here the Cooper pair is defined by the operator
B(k) = ckσyc−k and is formed by a singlet pair of holes
with respect to a half-filled state. We see that these two
seemingly different states of matter are actually formally
equivalent, if one replaces the magnon operator Nα(k)
by a Cooper pair operator B(k). This “replacement” is
exactly provided by the SO(5) rotations operator
πα =
∑
k
gkck+Qσασyc−k , (3)
where the form factor gk = sgn(cos kx−cos ky) is uniquely
determined by the group closure requirement [19,18].
This operator rotates the magnon and Cooper pair oper-
ators into each other according to the following equation:
[πα, Nβ(k)] = δαβgkB(k) , [π
†
α, B(k)] = gkNα(k) (4)
The internal wave functions of the elementary con-
stituents of the magnon and Cooper pairs are described
the symmetries of u˜kv˜k and ukvk respectively. From
the above equation we see immediately that a d =
cos kx − cos ky form of the Cooper pair wave function
will translate into a |d| = | cos kx − cos ky| form of the
magnon wave function. This formal equivalence between
a magnon condensate and a Cooper pair condensate can
be elevated to an SO(5) symmetry principle whose dy-
namical consequence can be tested both numerically and
experimentally. Experimentally, the neutron resonance
mode in the SC state can be identified with the pseudo
Goldstone modes of the enlarged SO(5) symmetry group,
which is a quantum fluctuation from the SC state towards
the AF state [15,21]. This identification has recently been
used to give an estimate for the condensation energy from
the normal to the SC state [21]. Numerically, we have
performed exact diagonalization studies of the Hubbard
and the t− J models [16,17]. In particular, for the t− J
model on a finite sized cluster, the ground state at half-
filling is a total spin singlet state. Low energy bosonic
excitations above this ground state are either magnon or
hole pair states. The relative energies of a single magnon
and a hole pair states can always be made degenerate by
tuning the chemical potential to a special value µ = µc.
However, what is surprising is that the multi- magnon
and hole pair states also become nearly degenerate at
this special value of the chemical potential [17]. This is
an indication that the interaction between the magnons
and the hole pairs are the nearly the same, originating
from a common type of physical interaction. Because of
this near degeneracy of the multi magnon and hole pair
states, it is argued that the low energy bosonic excita-
tions of the t−J model near half-filling can be organized
into SO(5) symmetry multiplets [17,20].
The exact SO(5) symmetry [18,19] requires charge exci-
tations at half-filling to have the same gap as the collec-
tive spin-wave excitations. This condition is violated in
a Mott-Hubbard insulator, which has a large gap (∼ eV )
to all charge excitations while the spin excitations dis-
play no gap. In particular, in an exactly SO(5) sym-
metric description [18,19], the superconducting gap with
its nodes would directly be mapped onto an AF gap,
which then would have precisely the same magnitude and
would go go to zero at the nodes (±π/2,±π/2). Taking
the Mott–Hubbard gap into account amounts to prop-
erly projecting out these ”high-energy” processes of order
∼ eV (Gutzwiller constraint) in the ”low-energy” SO(5)
rotation between AF and dSC states. Recently, such a
projection procedure has been carefully defined for the
bosonic excitations and it was shown that the Gutzwiller
constraint can be implemented analytically and exactly
within the SO(5) theory [25]. The central hypothesis of
the SO(5) theory states that the high Tc superconduc-
tors can be described by a fully SO(5) symmetric Hamil-
tonian supplemented by the Gutzwiller constraint. The
Gutzwiller constraint associated with the large on-site
interaction reduces the full SO(5) symmetry to a pro-
jected SO(5) symmetry with well defined characteristics.
The corresponding projected SO(5) model describes the
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low-energy bosonic degrees of freedom near the AF/SC
transition [25].
In this paper, we shall explore the consequence of the
projected SO(5) symmetry in the fermionic excitations
of the AF and SC states. In particular, we shall argue
for the following two main points: (i) The ARPES ex-
periments show that the fermionic quasi-particles have
a s + |d| gap structure in the AF state. The projected
SO(5) symmetry introduces the s component of the AF
gap associated with the large on-site Coulomb energy,
which is absent in the case of pure SO(5) symmetry, and
quantitatively relates the remaining |d| component of the
AF gap with the d-wave SC gap. While the d–wave
SC gap is of the order of J/10, the obtained AF gap
modulation is of the order of J . This is an unexpected
consequence of the projection. The correspondence be-
tween the |d| component of the AF gap structures and
the d–wave SC gap structure is the signature of the pro-
jected SO(5) symmetry in the fermionic excitation spec-
tra. (ii) The t− J model with nearest neighbor hopping
only gives an s gap structure in the AF state without
the |d| gap modulation. Therefore, while the bosonic
excitation spectra of the t − J model can be organized
by the projected SO(5) symmetry, its fermionic quasi-
particle spectra are not compatible with the projected
SO(5) symmetry and not compatible with the ARPES
experiments. On the other hand, microscopically SO(5)
symmetric models with proper Gutzwiller projection can
describe both the bosonic and the fermionic excitation
spectra of the high Tc systems.
Let us first see how a microscopically SO(5) symmet-
ric Hamiltonian with Gutzwiller projection can give rise
to the s + |d| gap structure as observed in the ARPES
experiments. This Hamiltonian contains the manifestly
SO(5)-symmetric terms,
Hkin +Hint =
∑
p,σ
εpc
†
p,σcp,σ + V
∑
~r1,~r2
{
~m(~r1) · ~m(~r2) +
1
2
(
∆(~r1)∆(~r2)
† +∆(~r1)
†∆(~r2)
) }
. (5)
Here, Hkin stands for the kinetic energy part with band
dispersion εp = −2t (cos kx + cos ky), valid for a nearest-
neighbor tight-binding model with hopping amplitude t
(c+p,σ creates a hole with momentum p and spin σ). Both
Hkin and Hint comprise the explicitly SO(5)-symmetric
part of the Hamiltonian [18,19]. Hint contains a spin-spin
interaction and a pair-hopping term and , thus, serves
as an example of the possible AF←→dSC rotation, the
implications of which on the gap structure we shall in-
vestigate below. ~m(~r1) and ∆(~r1) are Ne´el and d−wave
order parameters (operators) at site ~r1. The d-wave or-
der parameter is built up of the usual superposition of
nearest-neighbor (n.n.) d-wave pairs [26]. On the other
hand, the Ne´el order parameter has an extended internal
structure [27]. This extended internal structure in ~m(~r1)
is required by the SO(5) symmetry, which may, at least
in principle, be tested in experiments. In particular, it
may be related effectively to spatially extended hoppings
t′ and t′′ [27]. The essential physics of Hint is that is has
embedded, via the spin interactions and pair hopping
processes, the dynamical equivalence of spin (triplet or
magnon) excitations and pair excitations. We will argue
below in more detail that this specific choice is physically
motivated in that it provides a possible AF←→d-SC rota-
tion, when the SC-part in Hint corresponds to the usual
BCS reduced Hamiltonian for n.n. d-wave pairing. In
particular, it will be shown that the gap modulation is in-
troduced in a rather natural way already at the simplest
mean-field level, i.e. in terms of BCS and spin-density
wave (SDW) gap equations (Hartree-Fock).
In addition to the fully SO(5) symmetric Hamiltonian,
we need to implement the Gutzwiller projection, which
will reduce the full SO(5) symmetry to a projected SO(5)
symmetry. This can be implemented by the introduction
of a Hubbard U interaction and by taking the limit of
large U . Therefore, we arrive at the following Hamilto-
nian
H =
(
Hkin +Hint
)
+HU +Hµ, (6)
where
HU = U
∑
i
ni↑ni↓. (7)
(
ni↑ = c
+
i↑ci↓
)
is the standard Hubbard interaction and
Hµ = −µQ denotes the chemical potential term. At this
stage, a cautious reader may wonder about the prob-
lem of double counting, since the perturbation theory of
Hkin+HU may produce terms already included in Hint.
But these pertubation effects are of the order of t2/U .
Therefore, if we can properly take the U → ∞ limit, we
do not have to worry about the double counting problem.
There are various ways to (approximately) study the
Hamiltonian in Eq. (6). Its physical content becomes
transparent already on the simplest, i.e. Hartree-Fock
mean-field level. Earlier work by Schrieffer et al. on the
Hubbard model [28] shows that such a simple mean field
calculation can capture the basic physics in the strong-
coupling limit. Consider first the SDW-type of solution
for the Ne´el state. Here the gap function ∆(~p) is con-
nected to the SDW mean-field (polarized in z-direction)
by the standard relation:
〈c†
~p+~Q,i
σ3ijc~p,j〉 =
∆(~p)
2E(~p)
, (8)
where, as usual, E(~p) =
(
ε2(~p) + ∆(~p)
)1/2
. When intro-
duced in equation (6) for the Hamiltonian, this mean-
field order parameter results in the self-consistency con-
dition determining the gap ∆(~p),
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∑
~p′
V (~p, ~p′)
∆(~p′)
2E(~p′)
= ∆(~p) . (9)
Here we shall take the factorized form of the SO(5) inter-
action, i.e. V w~pw~p′ [26], which also follows from equation
(5) and the Fourier-transformed expression for the order
parameter ~m(~r) in Ref. [27]. Including the Hubbard U -
term, V (~p, ~p′) is given by
V (~p, ~p′) = U + V w~pw~p′ , (10)
It is now straightforward to show that the gap equation
(9) for the Ne´el state as well as the corresponding BCS-
type gap equation for the SC state yield the required gap
features:
First, note that the factorized form of the interaction
V (~p, ~p′) introduces a similarly separable form of the AF
gap,
∆AF(~p) = ∆U +∆modw~p , (11)
where, as before [26], w~p = | cos px − cos py|. For large
values of the Hubbard interaction ∆U is of the order of U .
From experiment, ∆mod should be of order J while ∆SC
should be of the order of J/10 (this will be shown below
to be the case using a Slave-Boson mean-field evalua-
tion). Equation (11) then establishes the gap-modulation
∼ J | cos px − cos py| on top of a uniform gap in the AF
(Fig. 3).
Second, in formal analogy, in the d-wave SC state, the
same gap equation (9) holds, with three modifications:
The first one is, of course, that ∆SC(~p) stands now for
the d-wave SC order parameter with n.n. pairing [26].
The second is due to the well-known fact, that the U -term
and, therefore, the constant gap term of the AF drops
out. This is because of the condition
∑
~p U
∆SC(~p)
2E(~p) = 0,
which in real space is nothing but the two pairing elec-
trons avoiding the on-site Coulomb repulsion [29].
Third, in the SC state, the relevant interaction in the
gap equation is V (~p, ~p′) = V (w~psgn(cos px − cos py)) ·(
w~p′sgn(cos p
′
x − cos p
′
y)
)
, finally resulting in the gap
function (Fig. 4),
∆SC(~p) = ∆SC · (cos px − cos py) . (12)
Thus, both the AF gap in equation (11) and the SC gap
have the required form. What experiments tell us is that
while ∆AF is of the order J , ∆SC is an order of mag-
nitude smaller. This requires a more involved mean-field
evaluation: We have chosen a technique that is capa-
ble of dealing with the problem in a way which is non-
perturbative in the Hubbard interaction U . It is the
Slave-Boson formalism introduced by Kotliar and Ruck-
enstein [30], which we treat by the usual saddle–point
approximation.
Confidence in this approximation derives from various
observations: (i) the Slave-Boson mean-field approxima-
tion gives the identical result as the so-called Gutzwiller
approximation. The latter is equivalent to the exact
treatment of the Gutzwiller variational approach in infi-
nite dimensions [30,31]. We shall demonstrate that this
result is relevant for the ”projected” SO(5) theory, i.e.
for projecting out the higher-energy states of the upper
Hubbard band, as discussed above. (ii) secondly, this ap-
proximation yields rather satisfying agreement with, in
principle exact, QMC simulations over a wide range of
Coulomb correlations U and values for the doping [32].
(iii) the two main results of our study, i.e. that the AF
gap modulation itself is correlated to the SC gap by sym-
metry and that the Hubbard term HU induces the order
of magnitude difference in the effects should be indepen-
dent of specific approximations. This will be explicitely
verified by comparing with the bare Hartree-Fock (HF)
study.
The results of the Slave-Boson evaluation of the Hamil-
tonian are presented in terms of the gap features in Figs.
3,4 and 5.
Figs. 3 and 4 display the SC gap and the AF gap mod-
ulation again in the same 2D version as in the exper-
imental plot in Fig. 1. We note that as in HF, for
symmetry reasons, the d−wave gap in the SC leads to
a | coskx − cosky |-modulation of the AF gap. Thus, the
AF gap is given by ∆AF
(
~k
)
= ∆U+∆mod| cosx− cosy |
displaying a cusp at the (kx, ky) =
(
±π2 ,±
π
2
)
wave vec-
tors. The theory has only one free parameter, namely
the SO(5)-coupling strength V in Eq. (5), which was
chosen in such a way that it gives a d−wave gap of
the correct order of magnitude in the SC phase, i.e.
∆SC = 0.02t ≈ J/10 [33]. The crucial observation in
Figs. 3,4 and 5 is then that, while the SO(5) interaction
is responsible for the d−wave structure of both gaps, it is
a different mechanism, namely the Hubabrd gap, which
is responsible for the experimentally observed order of
magnitude differences in ∆SC ≈ J/10 and the AF gap
modulation ∆mod ≈ J .
This is clearly demonstrated in Fig. 5, which plots the
amplitude ∆mod of the d−wave-like modulation as a
function of the Hubbard-gap ∆U (∆U scales with U for
large U). We note that increasing U (and, thus, ∆U )
and, therefore, projecting out the doubly occupied states,
strongly enhances the d−wave-like modulation in the AF
gap. In particular, taking commonly accepted values
U = 8t and, therefore, ∆U ≈ 3t [34,35] yields an AF
gap modulation of order ∆mod ≈ (0.25 − 0.3)t. Thus,
we find a radically different energy scale for ∆mod of
order J and ∆SC of order J/10, in agreement with the
ARPES data.
Let us now comment on the possible alternative explana-
tions of the ARPES data. Both Hubbard and t−J Hamil-
tonians have been extensively studied in two dimen-
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sions by employing exact diagonalization and Quantum-
Monte-Carlo (QMC) numerical techniques (see, for ex-
ample, Refs.. [34–37] ). There is general consensus that
both models have a serious deficiency, when compared
with the ARPES data in Fig. 1: they do not display
the d−wave-type dispersion, and the energies at (π, 0)
and
(
π
2 ,
π
2
)
are essentially degenerate [34–36]; as we have
mentioned above, this is serious, since ARPES shows that
the evolution of the (π, 0) feature is crucial to understand
the d−wave-like pseudo-gap. These numerical ”experi-
ments” have been further carried out with the inclusion
of more-distant (next-nearest t′, t′′ etc.) neighbor hop-
pings [5,36,37].
However, this procedure requires delicate adjustments of
the hopping integrals to shift the structure near (π, 0) to
the observed binding energy. In addition, at first sight,
it seems to be completely uncorrelated with two experi-
mental findings which emphasize the universal role of the
magnetic energy scale J : one is the fact that the insu-
lating bandwidth itself scales with J [1]. The other is
that, at present, it is not clear whether the specific t′, t′′-
choice is simultaneously in accordance with the universal
picture which recently emerged from the incommensu-
rate spin fluctuations of two major classes of high-Tc
materials, La2−xSrxCuO4 and YBa2Cu3O7−x [7,8]. We
have already indicated (see Ref. [26]) that t′, t′′-hoppings
may arise effectively from the SO(5)-part of the Hamil-
tonian in Eq. (5), namely from the spin interaction
term V
∑
~r1,~r2
~m(~r1) · ~m(~r2). However, in addition to
t′, t′′ this interaction effectively produces longer-range
hoppings (although with magnitude decreasing with dis-
tance) which are essential in order to produce the cusp-
like feature of the AF-gap. Indeed, a finite-range hopping
(i.e. limited to t′, t′′) is not sufficient to produce a cusp-
like feature [38].
Summarizing, our results show that the recent experi-
mental discovery of the s + |d| gap structure in the AF
state can be naturally explained by the concept of pro-
jected SO(5) symmetry, which relates the |d| gap modula-
tion of the AF state with the d-wave gap of the SC state.
If taken as an exact SO(5) theory, without the physically
relevant symmetry-breaking term HU , this would have
resulted in an exact mapping, where the AF gap has
nodes. It has been shown here that, while HU breaks
the symmetry and restores the Mott-Hubbard gap, it
does not break the experimentally observed correlation
between the d−wave gap features. In fact, as demon-
strated here, HU is pivotal in explaining the order of
magnitude differences between the superconducting gap
∆SC and the d–wave–like modulation of the AF gap
∆mod. Just like the neutron resonance mode can be in-
terpreted as the reflection of AF correlation in the SC
state, the ARPES experiment can be interpreted as the
reflection of the SC correlation in the AF state. Our re-
sults also show that the Hubbard and t − J models still
”miss a piece”, while a microscopically SO(5) symmet-
ric Hamiltonian with proper Gutzwiller projection can
correctly describe both the bosonic and the fermionic ex-
citation spectra of the high Tc superconductors.
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FIG. 1. ARPES results for Ca2CuO2Cl2: The lowest en-
ergy peak disperses away from the (π/2, π/2) peak position
as one moves away from wavevector (π/2, π/2). The differ-
ence (gap-modulation) between this dispersive peak and the
(π/2, π/2) peak is plotted against | cos(kxa)− cos(kya)|. The
data fit the straight line which indicates a d-wave like dis-
persion. The inset shows the gap modulation in momentum
space along the antiferromagnetic zone boundary. By plot-
ting only the difference to (π/2, π/2), the plot goes to zero
for this point by definition.
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FIG. 2. The (T, µ)-phase diagram for high-Tc supercon-
ductors reveals the intimate relation between the AF and
dSC state: The AF state can be viewed as a condensation
of magnons (triplet excitations) on top of a Fermi-liquid like
state, just as the superconducting state can be represented as
the condensation of hole pairs. SO(5) symmetry relates the
magnon onto the hole-pair states. The ARPES experiments
probe the internal structure of a Cooper pair and magnon,
respectively, thereby revealing the correlation between anti-
ferromagnetism and superconductivity.
AF
∆U
 modulation
∆
gap-
Hubbard gap
mod
FIG. 3. Schematic drawing of the gap modulation and the
constant gap in the antiferromagnetic phase as obtained from
the Slave-Boson Mean-Field calculation. For graphical rea-
sons we indicate the Hubbard gap ∆U only as a relatively
small offset to the modulation. In reality (and in our calcula-
tions) ∆U ≈ 4t is about one order of magnitude larger than
the gap modulation. In the analog experimental plot in the
inset of Figure 1 only the difference to the constant gap is
shown and therefore no offset is indicated.
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∆ SC
FIG. 4. Schematic drawing of the dSC-gap in the supercon-
ducting phase with conventions as in Figure 3 and the inset
of Figure 1.
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FIG. 5. The key result of the Slave-Boson Mean-Field cal-
culation is the strong enhancement of the gap modulation
in the antiferromagnetic phase as U is increased and double
occupancy becomes more and more forbidden. The symme-
try-breaking U is responsible for a one order of magnitude
difference of the gap modulation in the AF phase to the dSC
gap in the superconducting phase in the experimentally rele-
vant region of U ≈ 8t.
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